Int. J. Mol. Sci. 2012, 13, 1620-1631; doi:10.3390/ijmsl3021620 



OPEN ACCESS 



International Journal of 

Molecular Sciences 

ISSN 1422-0067 

www.mdpi.com/journal/ijms 

Article 

Acidic Polysaccharide Extracts from Gastrodia Rhizomes 
Suppress the Atherosclerosis Risk Index through Inhibition of 
the Serum Cholesterol Composition in Sprague Dawley Rats 
Fed a High-Fat Diet 

Kui-Jin Kim l f , Ok-Hwan Lee 2 t , Chan-Kyu Han 3 , Young-Chan Kim 3 and Hee-Do Hong 3 '* 

1 Department of Cancer and Cell Biology, University of Cincinnati Medical Center, Cincinnati, 
OH 45267, USA; E-Mail:kimkj@ucmail.uc.edu 

Department of Food Science and Biotechnology, Kangwon National University, 
Chuncheon 200-701, Korea; E-Mail: loh99@kangwon.ac.kr 

Korea Food Research Institute, Seongnam, Kyonggi 463-746, Korea; E-Mails: ckhan@kfri.re.kr 
(C.-KH.); yckim@kfri.re.kr (Y.-C.K.) 

' These authors contributed equally to this work. 

* Author to whom correspondence should be addressed; E-Mail: honghd@kfri.re.kr; 
Tel.: +82-31-780-9285; Fax: +82-31-780-9312. 

Received: 5 January 2012; in revised form: 29 January 2012 /Accepted: 30 January 2012 / 
Published: 2 February 2012 

Abstract: Obesity is associated with a broad spectrum of cardio-metabolic disturbances, 
including atherosclerosis and cardiovascular disease (CDV). A high-fat diet has been 
shown to cause an elevation of the plasma cholesterol levels in humans, and the control 
of serum cholesterol has been demonstrated to be important in the prevention of CVD 
and atherosclerosis. The aims of this study were to demonstrate that crude and acidic 
polysaccharide extracts from Gastrodia rhizomes suppress atherosclerosis through 
the regulation of serum lipids in Sprague Dawley (SD) rats fed a high-fat diet. We 
examined the concentrations of serum lipids, including total cholesterol, triglycerides, 
high-density lipoproteins (HDL) cholesterol, and low-density lipoproteins (LDL) cholesterol, 
in SD rats fed a high-fat diet and evaluated the atherogenic index. Here, we show that both 
crude and acidic polysaccharide extracts from Gastrodia rhizomes inhibited the total 
cholesterol and LDL levels. Moreover, there was a significantly suppressed atherosclerosis 
risk due to the acidic polysaccharide extract from Gastrodia rhizome. Taken together, our 
results suggested that acidic polysaccharide extracts from Gastrodia rhizomes might be 
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beneficial for lowering the incidence of CVD and atherosclerosis by reducing the de novo 
synthesis of total cholesterol and the LDL levels. 

Keywords: Gastrodia rhizome; acidic polysaccharide; cardio vascular disease; 
atherogenic index 



1. Introduction 

The prevalence of overweight and obese individuals worldwide has increased dramatically due, in 
large part, to the over consumption of a high-fat and high-cholesterol diet. This is observed, in 
particular, in 2008 among adults aged 20 years and older in the United States, when approximately 
68% were overweight (of which, 33% were obese and 5% were extremely obese) [1]. Obesity is an 
important disease in the realm of preventive medicine because it is regarded as a risk factor associated 
with a broad spectrum of cardio-metabolic disturbances, including diabetes, hypertension, atherosclerosis 
and cardiovascular disease [2-5]. Several mechanisms induce the risk of obesity, including induced 
energy/high fat diet, increased intestinal adsorption, enhanced lipogenesis, suppressed lipolysis and fat 
oxidation and decreased energy expenditure. A high-fat diet has been shown to cause an elevation 
of plasma lipids, whereas a normal diet causes a decrease in the cholesterol levels in humans [6,7]. 
The two most common components of cholesterol are low-density lipoproteins (LDL) and high-density 
lipoproteins (HDL), and elevated serum levels of LDL cholesterol and reduced levels of HDL cholesterol 
are important independent risk factors for CVD [8,9]. Therefore, the control of postprandial LDL and 
HDL has been shown to be important in the treatment of CVD and the prevention of atherosclerosis. 

Several publications have reported that the phytochemicals from natural products have a beneficial 
effect on CVD and atherosclerosis [10-13] by regulating multiple epigenetic mechanisms, including 
the release of HDL and LDL [14,15]. These reports have demonstrated a reduction in the incidence of 
CVD and atherosclerosis with obesity by natural product therapy. 

The extracts of Gastrodia rhizome, a polysaccharide-enriched dry tuber of Gastrodia elata Blume 
(Orchidaceae), have been used in alternative traditional medicine in the Asian Pacific region as an 
anticonvulsant, an analgesic and a sedative against general paralysis, epilepsy, vertigo, and tetanus [16]. 
In addition to polysaccharides, including alpha-D-glucan, the major physiological compounds in 
Gastrodia elata Blume are gastrodin, parishin, and vanillyl alcohol, glycoprotein [17-19]. Among the 
bioactive components of Gastrodia elata Blume, the glycoproteins inhibit platelet aggregation and 
exhibit antithrombotic activity [17]. Moreover, we have been showed that acidic polysaccharide from 
Gastrodia rhizome has potential therapeutic ability of hypertension in SHR model [20]. Although 
Gastrodia rhizome has various biological actions [21,22], the effect of acidic polysaccharides purified 
from Gastrodia rhizome in SD rats fed a high- fat diet has not yet been studied by analysis of blood 
cholesterol including HDL and LDL to protect properties of CVD and atherosclerosis. 

Several reports have been published on anti-atherosclerosis effect of acidic polysaccharide through 
the inhibition of nd presented the following: the polysaccharides fraction from red ginseng roots has a 
significant anti-cholesterol activity [23]. Ginseng has similar activities Gastrodia rhizome [24]. 
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This study, therefore, investigated the anti-atherosclerotic potential of the acidic polysaccharides 
purified from Gastrodia rhizomes and evaluated the concentrations of serum lipids, including total 
cholesterol (TC), triglyceride (TG), HDL cholesterol, and LDL cholesterol, in SD rats that were fed a 
high-fat diet. 

2. Results and Discussion 

2.1. Body Weights and Food Intake 

There were no significant differences in the changes in the SD rat body weight (Figure 1), and there 
were no differences in the growth ratio among the control, crude and acidic polysaccharide groups prior 
to Phase 1 of the experiment (Figure 1). No animals died when housed at room temperature or subjected 
to the oral administration of the crude and acidic polysaccharides from Gastrodia rhizomes. 

Figure 1. Effects of crude and acidic polysaccharides of Gastrodia rhizome on body 
weight changes during experiment periods. The body weight was recorded weekly during 
the 8 weeks experimental period. Values are expressed as the mean ± standard deviation. 
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In Phase 2 of the experiment, there were no significant differences in the changes in the body 
weight, as in Phase 1 . The food intake did not differ between the groups (control, crude polysaccharide 
and acidic polysaccharide as shown in Table 1). Interestingly, a tendency was observed for a reduction 
in the daily growth ratio among the crude polysaccharide (Group B, 3.81 ± 1.01%) and acidic 
polysaccharide (Group C, 3.91 ± 0.99%) groups compared with the control (Group A, 4.60 ± 1.51%) 
prior to the experiment (Figure 1). Park et al. [25] have been showed that Gastrodia rhizome treatment 
protects against insulin resistance by decreasing body fat by directly working on adipocytes. Consistent 
this finding, body weight was slightly reduced by crude and acidic polysaccharide Gastrodia rhizome in 
high fat diet-fed groups. These results indicated that crude and acidic polysaccharide from Gastrodia 
rhizome might be induced to protect against body fat accumulation by directly working on adipocyte 
development in obese. 
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Table 1. Mean food intake of SD rats fed a high-fat diet for 4 weeks, comprising Phase 1 
of the experiment. Group A, the control was given a high-fat diet with distilled water; 
Group B was given a high-fat diet plus the crude polysaccharides of Gastrodia rhizomes; 
Group C was given a high-fat diet with the acidic polysaccharides of Gastrodia rhizomes. 
The final 4 weeks of the experiment comprised Phase 2. 



Group 


Food Intake (g/weeks) 


(n = 10) 


12345678 


A 


14.64 ± 0.50 22.26 ± 1.29 22.58 ± 1.57 24.59 ± 2.21 26.22 ± 1.83 27.15 ± 2.08 28.96 ± 2.94 25.46 ± 2.25 


B 


14.57 ± 0.53 21.22 ± 1.76 21.51 ± 1.36 23.43 ± 1.54 25.72 ± 0.82 25.30 ± 1.32 26.87 ± 1.62 26.23 ± 6.23 


C 


14.76±0.28 20.82 ± 1.17 23.20 ±3.11 24.41 ± 1.39 24.04 ± 1.24 25.28 ± 1.24 25.37 ±1.81 27.41 ± 1.29 



Obesity is strongly related to metabolic disorders, such as CVD and atherosclerosis, which release 
total cholesterol [10,12]. Therefore, we examined whether the crude and acidic polysaccharides had 
inhibitory effects on the total cholesterol release that is induced by a high-fat diet. 

2.2. Effects of the Crude and Acidic Polysaccharides of Gastrodia Rhizomes on the Total Cholesterol 
and Triglyceride Contents 

The total cholesterol and triglyceride levels were evaluated in the blood samples from the rats 
of each group. As shown in Figure 2, the crude polysaccharide (Group B, 83.62 ± 5.25 mg/dL) and 
acidic polysaccharide (Group C, 78.00 ± 4.42 mg/dL) groups demonstrated significantly decreased 
total cholesterol levels compared to the control (Group A, 100.7 ± 13.68 mg/dL). Interestingly, the 
acidic polysaccharides exhibited a greater reduction, by approximately 5%, in the total cholesterol 
induced by a high-fat diet, as compared with the crude polysaccharide extract. According to our 
previous results, the crude polysaccharide and acidic polysaccharide extracts from Gastrodia rhizome 
have different compositions [26]. Thus, we suggest that the above results were due to the different 
chemical compositions between crude and acidic polysaccharide extracts. However, there were no 
differences in the serum triglyceride levels among the control, crude polysaccharides and acidic 
polysaccharides. It was an interesting result that both the crude polysaccharide (Group B) and acidic 
polysaccharide (Group C) oral administrated groups suppressed total cholesterol on the high fat diet 
compared with control (Group A). 

A correlation between the pathological findings seen on coronary angiography and cholesterol has 
been found in many studies [27]. Total cholesterol is composed of HDL and LDL cholesterol, and the 
serum levels of HDL and LDL are important in CVD and atherosclerosis [8,28]. A total cholesterol, 
high HDL or high LDL may be secondary to uncontrolled factors that promote cardiovascular disease 
in other ways and cause atherosclerosis at the same time, for instance lack of physical activity and 
obesity [29]. Hence, we investigated these levels among the treatment and control groups. 
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Figure 2. Effects of crude and acidic polysaccharide extracts of Gastrodia rhizomes on the 
total cholesterol and triglyceride contents. Each value given is the mean ± standard 
deviation of five individual plates and is representative of the results from at least five 
independent experiments. (Significance: * P < 0.05). 
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2.3. Effects of Crude and Acidic Polysaccharides of Gastrodia Rhizomes on HDL and LDL 



The key principle in achieving weight loss in obese human is to modify lifestyle behaviors to decrease 
energy intake and increase physical activity. However, natural product derived polysaccharide therapy 
has limited long-term success, and many obese humans who lose weight regain their lost weight over 
time [30]. The failure to achieve permanent weight loss and the prevention of athersclerosis have led to 
increased efforts to determine a biological processed polysaccharide as an additional functional 
possibility in treating high HDL and regulation of LDL [6,31,32]. It is important to note that the 
development of atherosclerosis is prevalent in obese patient. Therefore, we investigated that the action 
of crude polysaccharide and acidic polysaccharide from the Gastrodia Rhizomes dampens the release 
of HDL and LDL cholesterol in blood that act on the regulating atherosclerosis in vivo. 

As shown in Figure 3, non-high fat diet groups showed no increased in the physiological 
concentration of serum HDL and LDL levels, whereas serum LDL cholesterol was higher in the 
control group, at 29.67 mg/dL, than in the treatment groups (Group B, 26.04 mg/dL and Group C, 
21.06 mg/dL). In particular, the administration of the acidic polysaccharides significantly decreased 
the LDL cholesterol by 12.3% compared to the control group. However, there were no significant 
differences in the serum HDL cholesterol levels among the control (Group A, 32.92 ±2.19 mg/dL) or 
the crude (Group B, 31.20 ± 2.73 mg/dL) or acidic polysaccharide (Group C, 33.01 ± 1.69 mg/dL) groups. 
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Figure 3. Effect of crude and acidic polysaccharides from Gastrodia rhizomes on high-density 
lipoproteins (HDL) and low-density lipoproteins (LDL) levels in blood serum. Each value 
given is the mean ± standard deviation of five individual plates and is representative of the 
results from at least five independent experiments. (Significance: * P < 0.05). 
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The averages from the analysis of the serum LDL cholesterol were very similar to those obtained 
for the total cholesterol, whereas the serum HDL cholesterol levels exhibited trends that were similar 
to those for the triglyceride levels. 

2.4. Effects of Crude and Acidic Polysaccharides of Gastrodia Rhizomes on the Atherogenic Index 

To determine the effect of the crude and acidic polysaccharides on atherosclerosis in SD rats fed a 
high-fat diet, the atherogenic index was evaluated, as described in the experimental section. Figure 4 
shows the average value of the atherogenic index of the control (Group A) and the crude polysaccharide 
(Group B) and acidic polysaccharide (Group C) treatment groups. The control (Group A, high fat diet) 
group demonstrated an index of 2.06 mg/dL, which was the highest value in our experiment, whereas the 
index for the crude polysaccharide group was 18.45% lower than the control, and the index of the 
acidic polysaccharide group was significantly decreased, by 32.95%, compared with the control. These 
results indicated that the acidic polysaccharide extract has an inhibitory effect on atherosclerosis in SD 
rats fed a high-fat diet. 
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Figure 4. Effect of crude and acidic polysaccharides of Gastrodia rhizomes on the 
atherogenic index. Each value given is the mean ± standard deviation of five individual 
plates and is representative of the results from at least five independent experiments. 
(Significance: * P < 0.05). 
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3. Experimental Section 

3.1. Materials 

The extraction and purification of acidic polysaccharides from Gastrodia rhizomes were performed 
as described previously [20]. The acidic polysaccharide fractions, obtained by DEAE-Sepharose 
CL-6B, contained 0.32 ± 0.02% of total protein, 82.40 ± 1.16% of total sugar, and 17.28 ± 0.58% of 
acidic polysaccharides, respectively. The fraction of acidic polysaccharides consisted of xylose, 
glucose, galacturonic acid, and glucuronic acid. 

3.2. Animal Experiments and Diet 

Thirty male SD rats (4 weeks old) were purchased from Charles River Laboratories, Inc. (Yokohama, 
Japan) and used after 1 week of quarantine and acclimation. The animals were kept in the animal facility 
of the Korea Food Research Institute in a light-controlled room (12-h light/dark cycle) at an average 
temperature of 24 °C and relative humidity of 60%. This experiment was conducted in facilities 
approved by the Guiding Principles for the Care and Use of Laboratory Animals of the Ethics 
Committee of the Korea Food Research Institute. All of the rats were fed an AIN-93M-based diet 
supplemented with 10% lard, 2% corn oil, and 1% cholesterol as the source of the increased fat (Table 2). 
All of the rats were provided ad libitum access to the high-fat diet and tap water throughout the 8-week 
treatment period. After four weeks on the high-fat diet, the rats were randomly divided into three 
groups: the control group (A) fed only the high fat diet and the crude polysaccharide (B) and acidic 
polysaccharide (C) groups. As shown in Table 3, both the crude polysaccharide (6 mg/kg) and acidic 
polysaccharide (6 mg/kg) extracts were administered by oral gavage to the SD rats. The doses of the 
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crude and acidic polysaccharides were determined by considering an effective dose of hot water and 
crude polysaccharides ranging from 3.6 to 14.7 mg/kg of body weight/day in the SD rats. The acidic 
polysaccharides consisted of a 12.56% fraction of the crude polysaccharide. The samples were 
administered by oral gavage at 1 mL/250 g of body weight on a daily basis, 7 days per week for 
5 weeks. The control animals were treated with the same volume of distilled water. 



Table 2. Composition of the experimental diet based on the AIN-93 diet with high fat. 



Ingredients 


Content (%) 


Casein (feed grade CP 85%) 


20.00 


Corn starch 


39.75 


Dextrinized corn starch 


13.20 


Sucrose 


10.00 


Soybean oil 


7.00 


Cellulose (fiber) 


5.00 


Mineral mixture 1 


3.50 


Vitamin mixture 


1.00 


L-Cysteine 


0.30 


Choline bitartrate 


0.25 



; Contained per kg mixture: 500 g CaHP0 4 , 74 g NaCl, 220 g K 3 C 6 0 7 H 2 0, 52 g K 2 S0 4 , 24 g MgO, 
3.5 g Mn (48%), 6.0 g Fe (17%), 1.6 g Zn (70%), 0.3 g Cu (53%), 0.01 g KI0 3 , 0.55 g 
CrK(S0 4 ) 2 12H 2 0 and sucrose; 2 Contained per kg mixture: 600 mg thiamineHCl, 600 mg 
riboflavin, 700 mg pyridoxine-HCl, 3 g nicotinic acid, 400,000 IU vitamin A (retinyl acetate), 
5000 IU vitamin E (DL-a-tocopheryl acetate), 2.5 mg vitamin D 3 , 5.0 mg vitamin K and sucrose. 



Table 3. Experimental design. 



Group 
in = 12) 


Phase 1 (4 weeks) 


Phase 2 (4 weeks) 


A 1 


HFD 2 


HFD 


B 


HFD 


HFD + Crude polysaccharides 


C 


HFD 


HFD + Acidic polysaccharides 



1 Group A was orally administered with the same volume of distilled water, Groups B and C were 
orally administered crude and acidic polysaccharide extracts, respectively, of Gastrodia rhizomes 
at a concentration of 6 mg/kg using a stainless-steel oral tube for 5 weeks; 2 HFD (high-fat diet): the 
AIN diet-based commercial rat chow containing 1 0% lard, 2% corn oil, and 1 % cholesterol (w/w). 



3.3. Body Weight, Food Intake and Water Consumption 

The body weights were measured at the initiation of the treatment, every week thereafter, and on the 
day of sacrifice. The food intake was measured in g/kg bw/day at the start of the treatment and at 
weekly intervals thereafter. The amount of food was measured before being supplied to the cage; any 
food that remained the following day was also weighed. 
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3.4. Blood Chemistry 

At the end of the treatment, all of the rats were fasted for 12 h, anesthetized with isoflurane and 
euthanized; arteriovenous blood was collected. The blood samples were evaluated for serum lipid 
levels and atherogenic index. The concentrations of TC, TG, HDL cholesterol and LDL cholesterol 
were determined using a commercial kit (Asan Pharmaceutical Co., Seoul, Korea). The atherogenic 
index (AI) was calculated using the following formula: (TC-HDL)/HDL. 

3.5. Statistical Analysis 

The data are presented as the means ± standard deviation. The data were analyzed by one-way 
analysis of variance (ANOVA), and the all of the grouped data were evaluated by one-way analysis of 
variance, followed by the least significant difference test using SPSS [33]. Values of P < 0.05 were 
considered significantly different between treatments. 

4. Conclusions 

This article describes the effects of oral administration of crude and acidic polysaccharides (PS) 
from Gastrodia rhizomes along with a HFD to rats on serum lipid levels. It is interesting and surprising 
that this administration resulted in a significant decrease in circulating cholesterol, mainly from LDL. 
This type of finding makes one question the mechanism of action. If the authors offered at least some 
mechanism either in vivo or in vitro, it would make this study much more interesting. In this study, we 
provided the first description of a positive and direct effect of crude and acidic polysaccharide extracts 
from Gastrodia rhizomes for the serum cholesterol, HDL, LDL and atherosclerotic risks in SD rats. 
Here, we demonstrated that the crude and acidic polysaccharide groups exhibited decreased levels of 
total serum cholesterol. Furthermore, the change in the daily body weight tended to decrease in the crude 
and acidic polysaccharide groups. Interestingly, our data suggested that the acidic polysaccharide 
significantly decreased the LDL levels and atherogenic index, as compared with the control group. Taken 
together, we demonstrated that acidic polysaccharide extracts from Gastrodia rhizomes dramatically 
suppress the atherosclerosis risk by reducing the total serum cholesterol and LDL levels in SD rats. 
Thus, we conclude that the acidic polysaccharide extract from Gastrodia rhizomes might have 
beneficial effects in lowering the incidence of CVD and atherosclerosis by reducing the de novo 
synthesis of total cholesterol and LDL. 
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